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CLAIMS 

•> i. A method for preparing a steroidal carbothiolc add or a salt thereof, said method comprises: 

; ' A) reacting a-sterpidal carbo*yirc aeld or a salt thereof with a coupling agent selected from die 

5 group consisting of carbodllmide derivatives represented by the following formula: 
R, — N=C=N — Rd 

wherein R 0 and Rb are the same or different, and each represent an aliphatic, heteroaliphatic, 
carbo cyclic or a heterocyclic group [all sard groups are optionally substituted]; 
alone or In conjunction with a coupling enhancer; and 
10 B) reacting the product of step A) with a nudeophillc agent comprising a sulfur atom. 

2. A method according to claim 1 In which the coupling agent Is l-ethyl-3-(3- 
dlmethylaminoprapyl) carbodiimide (EDC). 

15 3. A method according to daim 2, in which the coupling agent Is the hydrochloride salt of EDC. 

4, A method according to any of the preceding claims, in which the coupling enhancer is 
selected from the group consisting of: 

A) a heterocyclic ring containing one or two nitrogen atoms, said ring being optionally 
2D substituted; such as a compound of formula (D) or formula (E), 





wherein R l% and R IZ can be the same or different, and each represent a hydrogen atom or a 
25 cyano group; R 13 represent a hydrogen atom or an alkyl group; and R lA represent a hydrogen 
atom or a salt of a sulfonic acid such as sodium sulfonate [-5{=0)(=0)-O' Na + ]; and 
B) an unsaturated 5-6 membered heterocyclic ring fused to an aromatic- or heteroaromatic ring 
In which the said heterocydlc ring contains three nitrogen atoms, said rings being optionally 
substituted, such as a compound of formula (F] or formula (G), 

30 



.OH 





(C) 



X - H, F r CU Br and Y - CH, N t O t S 

r 
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preferably 6-chloro-hydroxybenzotria5ole (6-O-HOBt), 7-a2a-hydroxybenrotriasole (HOAt), or 
3-hydroxy-4-oxo-3,4-dihydro-l,2 4 3-benzotriazlne (Dbht-OH). 

5 5. A method according to any of the preceding claims, where the nucleophilic agent comprising 
a sulfur atom is selected Pram ttie group comprising: 

- compounds of formula [M] + [SHj _ wherein M is a metal such as Li, Na or K; or [M]* + [S]*" 
wherein M is a metal such as Ca or Mg, the said Sulfide salts being optionally hydrated 
(such as sodium hydrosulflde hydrate); and 
10 - an in s/cu generated sulfide salt or a hydrated sulfide salt. 

6. The method of any of the preceding claims, wherein the nucleophilic agent is dissolved in a 
suitable solvent prior to addition to the reaction mixture, or wherein the nucleophilic agent Is 
added in the form of a solid salt or as a solution of the salt in water and/or an organic solvent or 

15 a combination thereof. 

7. A metnod according to any of the preceding claims for preparing a steroidal carbothioic acid 
of formula (IV) or a salt thereof 




Wherein the symbol ===== in the 1,2-position represent a single or a carbon-carbon double 
bond; 

25 Rj represents a hydrogen atom, a hydroxy- or an alkoxy group (such as an optionally 

substituted Q_6 alkoxy) In the a-configuration, a group -0-C(=0)-R e , where R© is an alkyl group 
(such as optionally substituted Cj. s alkyl) or an optionally substituted 5-6 membered 
heterocyclic ring containing either oxygen, nitrogen or sulfur as ring hetero atom (such as a 
furanyl-, pyrrolyl- or a thiophenyl group); 

30 R 2 represents a hydrogen atom, a hydroxy group, an alkoxy group (such as an optionally 

substituted C v< alkoxy) in the a-configuration, an alkyl group (such as an optionally substituted 
Q.b alkyl) which may be In either the or p- configuration, an alkylene group (such as an 
optionally substituted Ci- & alkylene having the two free valencies on the same carbon atom. 
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preferably methylene) [the alkylene group bound to the steroid nucleus via a double bond] or Rj 
and R 2 together represent 

—O R, 

5 where R 7 and R« are the same or different and each represent a hydrogen atom or an alky! 
group (such as an optionally substituted C t . 6 alkyl); 

R 3 represent a hydrogen atom, hydroxy- or a protected hydroxy group In either the a- or p- 
configuration or an oxo group (in which case the bond between R 3 and the steroid nucleus is a 
double band); 

10 represents a hydrogen- or a halogen atom or R 3 and R< together represent a carbon-carbon 
bond or an epoxy group in the p -configuration; and 

Rs represents a hydrogen- or a halogen atom In either the a- or p-configuration; 
R„ represents a hydrogen atom or R* represent a metal Ion [eg. the moiety -5-R 9 represents- a 
group of the formula [-SHM]* wherein M Is a metal such as U, Na or KJ; the method 
15 comprising; 

a) reacting a steroidal carboxyllc add of formula (II) or a salt thereof 




20 in which the substituents of formula (II) have the above defined meaning with a coupling agent 
alone or In conjunction with an coupling enhancer, followed by the reaction with a nudeophllic 
agent comprising a sulfur atom; and optionally 
B) reacting the product from step A) with an add. 

25 8. The method of any of the preceding claims, wherein 1) 

the coupling agent is added before the coupling enhancer, or 
the coupling enhancer Is added before the coupling agent, and/or wherein il) 
the steroidal carboxyllc add Is added to a mixture or the coupling agent and the 
coupling enhancer, or wherein 

30 - a mixture of the coupling agent and the coupling enhancer is added to a steroidal 
carboxyllc acid, or wherein 



3 
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the steroidal carboxylic add rs added to a mixture of the coupling agent and the 
coupling enhancer In a polar aprotic solvent, preferably DMF or DMA, at elevated 
temperature. 

5 9. A method for preparing a steroidal carbothloate (i.e. the ester of the steroidal carbothioic 
add), or a salt thereof, the method comprising; 

reacting a steroidal carbothioic add or a salt thereof, which Is prepared as defined in any of the 
preceding claims, with an electrophlllc agent 



10 10. A method according to claim 9, fn which the electrophlllc agent Is selected from the group 
consisting of: C L .» di- or trihaloalkanes, preferably a trlhalo- or a dlhalomethane, such as 
chlorobromomethane or bromofluoro methane. 

11. A method according to claim 9 or 10 for preparing a steroidal carbothioate of formula (I) 




wherein Rj, R 2 , R3, R«, and are defined as In dairn 7; and " 

R 10 represents sC l6 hatoalky! or an optionally substituted heterocyclic ring, the method 
comprising: 



20 A) reacting a steroidal carboxylic acid of formula (II) 
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R13 (D) OH (E) 



wherein R u and Ri 2 Independently represent a hydrogen atom or a cyano group (ON); 
R n represent a hydrogen atom or an alkyl group; and 
5 Kh represent a hydrogen atom or a moiety of a sulfonic add, such as sodium sulfonate (eg. the 
group -5(t=0J(=O)-0 Na 1 )]; 

B) reacting the product from step A) with a nucleophllic agent comprising sulfur; and 

C) reacting the product from step B) with an electrophlllc agent [such as a C w dl- or 
trihaloalkane, preferably a trlhalo- or a dlhalomethane such as chlorofluorom ethane or 

10 bromofluoromethane] or a compound of the following formula; 



20 13. The method of any of the claims ll-l2 r wherein step C) constitutes the in sftu reaction of 
the product from step 5) with bromofluoromethane to form a compound of formula (1} wherein 
Rio is a fluoromethyl group, such as fluticasone propionate. 

14. The method according to any of the preceding claims. In which 
25 - at least two subsequent steps are performed in situ, I.e. without any change or removal of 
solvents, or isolation of the individual intermediates; and/or 
the method Is conducted as a continuous method; and/or 
- step A), 6) and optionally step C) are conducted as a one-pot synthesis without solvent 
changes and/or are performed at room or elevated temperature. 



15. The method of any of the claims 9-14, wherein an androstane 170-caruoxvlic add is 
converted to an androstane 17f1-carbothloate. 

16. The method of any of the preceding claims, wherein step B) provides an alkali metal salt of 
35 the thloic acid, such as a compound of formula (IV), In which the moiety -5-R* represent a 




wherein X=H, F, Cl r Br and; Y=CH ? , NH, O, S, preferably X-CI and Y-O. 




15 
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group of the formula [-5J"[W] + wherein M Is a metal such as U, Na or K e.g. -S" Na*. and the 
other subsfcrtuente have the same meaning as defined in daim 7. 




*5 

5 

17. A compound of the formula CHI) and salts and solvates thereof 




10 wherein R Jf R2. R 3 , and R s are defined as in daim 7; and 

Z represent the structural moiety resulting From the reaction between the steroidal carboxylic 
acid of formula (II) and a coupling agent (preferably EDC), followed by a coupling enhancer 
selected from the group consisting of the compounds of formulas (D); (E); (F); and (G): 




R l3 (D) OH (E) 



wherein Rn and R 12 Independently represent a hydrogen atom or a cyano group; R 13 represent a 
hydrogen atom or a methyl group; and R» fl represent a hydrogen atom or a moiety of a sulfonic 
acid, such as sodium Sulfonate [ie. the group -S(=0)(=0)-0" Na*], 

20 
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X - H, K, CI, Br and Y - CH, N, O t S 



with the proviso that: 

5 when the coupling enhancer Is a compound of formula (F), X can not represent H when Y 
represents CH; 

When the coupling enhancer Is a compound of formula (D), Rll and R12 can not both represent 
H when Rl in formula III represents OH; and 

when the coupling enhancer is a compound of formula (E). rjw can not represent H when Rl In 
10 formula HI represents H; 



and with the further proviso that 

succ1nlmrdyl-9tt-fluoro-llM7a-d^ 
carboxylate; 

15 17ft-hydroxy-4-androsten-3-one-l7p-carbo>fyMcacld N-hydroxysucclnlmlde ester; - 
N-hydroxysuccinimidyI-9-nuoro^^ 

carboxy ester; " . -jr . * - - '■ z ~- '~_ - 

N-hydroxysuctinimide ester of dexametha5one-17|)^"erboVylic-add; 3nd =^ " 
l-[(9a-nupro-lLp-hydroxy-i6p-methyr-3-oxo-17fc-prop|onylaxyari^ 
20 yl)carbonyl]lmid32o»e are disclaimed. 

18. The compound of claim 17, wherein at least one of R n and R 12 Is a cyano group (C=N), 
and/or R iy Is a hydrogen atom, and/or formula (0) Is NMI (N-methyllmldazole) or Dd (4,5- 
dlcyano-imidazole), and/or formula (E) is NHS (N-hydroxysucclnimide) orsulfo-NHS (IM- 
25 hydroxysujfosucdnimide). 



19. The compound having the formula: 
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10 wherein R v R^ R it R«, and R 5 arc defined as in claim 7; and 
Ri and Ra are defined as In claim 1; 

with the proviso that l*(3'dfmethylamlno*propyl)-3-ethy]-carbodUrnlde-6a # 9u-dIftuDro-llJJ- 
hydroxy-l6tx f 17rt-lsappopyHdenedloxy-3-oxo-andro5ta-l f 4-dIene-17p-carboxylate is disclaimed. 

IS 21. A composition comprising a compound as defined In any of claims 17-20. 

22. Use of a compound of any of the claims 17-20 as an Intermediate In a method for preparing 
a steroidal carDothioate or a steroidal carbothiolc acid, such as In a method for preparing 
fluticasone propionate. 



20 



23. Use according to claim 22, in which the method comprises reaction with a nudeophilic agent 
comprising a sulfur atom and/or comprises reaction with an etectrophilic agent. 



Empf.zeit:06/12/2D04 17:57 



Enpf.nr.:035 P. 014 



06/12/2004 



6. Dec 2004 1 8:52 

2003-100 PC 



Nr .0454 S. 7 



CLAIMS 

1. A method for preparing a steroidal carbothioic acid or a salt thereof, said method comprises: 

A) reacting ^^IPMi^P^ a sa,t **™ f with 6 C0U P |in 9 a 9 ent selected from 016 
5 group consisting of carbodiimide derivatives represented by the following formula: 

Rs — N=C=N — 

wherein R a and R b are the same or different, and each represent an aliphatic, heteroaliphatic, 
carbocyclic or a heterocyclic group [ail said groups are optionally substituted]; 
alone or In conjunction with a coupling enhancer; and 
10 0) reacting the product of step A) with a nudeophilic agent comprising a sulfur atom. 

2. A method according to claim 1 in which the coupling agent Is l-ethyl-3-(3- 
dimethylaminopropyl) carbodiimide (EDC). 

15 3. A method according to claim 2, in which the coupling agent is the hydrochloride salt of EDC 

4. A method according to any of the preceding claims, in which the coupling enhancer is 
selected from the group consisting of: 

A) a heterocyclic ring containing one or two nitrogen atoms, said ring being optionally 
20 substituted; such as a compound of formula (D) or formula (E), 




wherein R n and R 12 can be the same or different, and each represent a hydrogen atom or a 
25 cyano group; R x3 represent a hydrogen atom or an alkyl group; and R l4 represent a hydrogen 
atom or a salt of a sulfonic add such as sodium sulfonate [-S(=0)(=0}-Cr Na*]; and 
B) an unsaturated 5-6 membered heterocyclic ring fused to an aromatic- or heteroarornatic ring 
In which the said heterocyclic ring contains three nitrogen atoms, said rings being optionally 
substituted, such as a compound of formula (F) or formula (G), 

30 

O 
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preferably 6-chloro-hydroxybenzotriasole (6-CI-HOBt), 7-aza-hydroxybenzotriasole (HOAt), or 
3-hydrexy-4-oxo-3,4-dihydro-l,2,3-benzotriazlne (Dbht-OH). 

5 5.A methpd according to any of the preceding claims, where the nucleophilic agent comprising 
a sulfur atom is selected from the group comprising: 

- compounds of formula [M] + [SH] - wherein M is a metal such as U, Na or K; or [M] z+ [53 2 ' 
wherein M is a metal such as Ca or Mg, the said sulfide sails being optionally hydrated 
(such as sodium hydrosulfide hydrate); and 
10 - an in situ generated sulfide salt or a hydrated sulfide salt. 

6. The method of any of the preceding claims, wherein the nucleophilic agent is dissolved in a 
suitable solvent prior to addition to the reaction mixture, or wherein the nucleophilic agent Is 
added in the farm of a solid salt or as a solution of the salt In water and/or an organic solvent or 

15 a combination thereof. 

7. A method according to any of the preceding claims for preparing a steroidal carfcothiolc acid 
of formula (IV) or a salt thereof 




Wherein the symbol = in the 1,2-position represent a single or a carbon-carbon double 
bond; 

25 Ri represents a hydrogen atom, a hydroxy- or an alkoxy group (such as an optionally 

substituted alkoxy) in the a-configuration, a group -0-C(=0)-R 6 , where Rb is an alkyl group 
(such as optionally substituted alkyl) or an optionally substituted 5-6 membered 
heterocyclic ring containing either oxygen, nitrogen or sulfur as ring hetero atom (such as a 
furanyl-, pyrrolyl- or a thlophenyl group); 

30 R 2 represents a hydrogen atom, a hydroxy group, an alkoxy group (such as an optionally 

substituted C t . 0 alkoxy) in the ^configuration, an alkyl group (such as an optionally substituted 
Cl . 6 alkyl) which may be in either the a- or p-configuration, an alkyiene group (such as an 
optionally substituted alkyiene having the two free valencies on the same carbon atom, 
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preferably methylene) [the aikylene group bound to the steroid nucleus via a double bond] or Rj 
and R z together represent 

5 where R 7 and Rs are the same or different and each represent a hydrogen atom or an alkyl 
group (such as an optionally substituted d. 6 alkyl); 

R 3 represent a hydrogen atom, hydroxy- or a protected hydroxy group In either the a- or p- 
configuratlon or an oxo group (in which case the bond between R 3 and the steroid nucleus is a 
double bond); 

10 Rfl represents a hydrogen- or a halogen atom or R 3 and R4 together represent a carbon-carbon 
bond or en epoxy group in the ^-configuration; and 

Rs represents a hydrogen- or a halogen atom In either the a- or p-conflguration; 
R9 represents a hydrogen atom or represent a metal Ion [eg. the moiety -5-R 9 represents a 
group of the formula [-S]'(M] + wherein M is a metal such as U, Na or K]; the method 
15 comprising; 

A) reacting a steroidal carboxylic add of formula (II) or a salt thereof 




20 In which the substituents of formula (II) have the above defined meaning with a coupling agent 
alone or in conjunction with an coupling enhancer, followed by the reaction with a nucleophillc 
agent comprising a sulfur atom; and optionally 
B) reacting the product From step A) with an add. 

25 6. The method of any of the preceding claims, wherein I) 

the coupling agent is added before the coupling enhancer, or 
the coupling enhancer is added before the coupling agent, and/or wherein If) 
the steroidal carboxylic add is added to a mixture of the coupling agent and the 
coupling enhancer, or wherein 

30 - a mixture of the coupling agent and the coupling enhancer Is added to a steroidal 
carboxylic add, or wherein 



3 AMEMOm aHBSHP 



6, Dec 2004 18:52 

2003-100 PC 



Nr. 0454 S- 10 



the steroidal carboxylic acid is added to a mixture of the coupling agent and the 
coupling enhancer In a polar aprotic solvent, preferably DMF or DMA, at elevated 
temperature. 

5 9. A method for preparing a steroidal carbothloate (Le. the ester of the steroidal carbothioic 
acid), or a salt thereof, the method comprising; 

reacting a steroidal carbothioic add or a salt thereof, which Is prepared as defined In any of the 
preceding claims, with an electrophilic agent 

10 10. A method according to claim 9, In which the electrophilic agent Is selected from the group 
consisting of; C^e di-or trihaloalkanes, preferably a trihaio- or a dihalomethane, such as 
chlorobromomethane or bromofluoromethane. 



11. A method according to claim 9 or 10 for preparing a steroidal carbothloate of formula (I) 



15 




wherein R lr * Rz t Ry, R^, arid Ri are defined as irLdaim 7; and * 

R 10 represents a C a & .haloalkylbr an optionally substituted heterocyclic ring, the method 
comprising: 

20 A) reacting a steroidal carboxylic acid of Formula (II) 




with a coupling agent and a coupling enhancer [such as a compound of formula (D) or formula 
(E)l 



25 
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wherein R u and Ru Independently represent a hydrogen atom Dr a cyano group (C=N); 
Ris represent a hydrogen atom or an alkyt group; and 
5 R M represent a hydrogen atom or a moiety of a sulfonic add, such as sodium sulfonate (eg. the 
group -S(=OX=P)-0 Na'}]; 

B) reacdng the product from step A) with a nucleophilic agent comprising sulfur; and 
Q reacting the product from step B) with an electrophlllc agent [such as a di- or 
trihaloalkane, preferably a trihalo- or a dlhalomethane such as chlorofluoromethane or 
10. bromoftuoromethane] or a compound of the following formula; 



30 



wherein X«H, F, Q, Br and) Y=CH?* NH, O, si preferably X«CI and Y=0. 



15 



12.TheJmethod : of claim! n;wte^ from the group 

consisting bf: .WMLCN-m PGI-^Sfdl^nol^ NHS (N- 

hydroxysuctf nimidej; iand suJfo-jyHSlH^^ : 

20 13. The method. of any of the claims 11-12/ wherein step C) constitutes the in situ reaction of 
the product from step B) with brornofluorometharie to form a compound of formula (I) wherein 
R 1D is a fluoromethyl group, such as fluticasone propionate. 

14. The method according to any of the preceding claims, In which 

25 - at least two subsequent steps are performed in situ, I.e. without any change or removal of 
solvents, or isolation of the individual intermediates; and/or 
the method is conducted as a continuous method; and/or 
- step A), B) and optionally step C) are conducted as a one-pot synthesis without solvent 
changes and/or are performed at room or elevated temperature. 

15. The method of any of the claims 9-14, wherein an androstane 170-carboxylic add is 
converted to an androstane 17p-carbothioate. 

16. The method of any of the preceding claims, wherein step B) provides an alkali metal salt of 
35 the thiolc acid, such as a compound of formula (IV), in which the moiety -5-Rg represent a 
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group of the formula [-S] : [M] + wherein M Is a metal such as U r Na or K e.g. -S* Na+, and the 
other substituents have the same meaning as defined in claim 7. 




Rs 

5 

17. A compound oF the formula (III) and salts and solvates thereof 




10 wherein R u R^R^R^ and R 5 are defined as' in claim 7; and 

Z represent the structural moiety resulting from the reaction between the steroidal carboxylic 
acid of formula (II) and a coupling agent (preferably EDC), followed by a coupling enhancer 
selected from the group consisting of the compounds of formulas (D); (E); (F); and (G); 




Ria (D) OH (E) 



wherein Ruand R 12 Independently represent a hydrogen atom or a cyano group; R l3 represent a 
hydrogen atom or a methyl group; and Rid represent a hydrogen atom or a moiety of a sulfonic 
acid, such as sodium sulfonate [ie. the group -S(=»OX«0)-CT Na + ], 

20 




X - H, K t CI, Brand Y - CH t N, O, S 



with the proviso that: 

5 when the coupling enhancer is a compound of formula (F), X can not represent H when Y 
represents CH; 

When the coupling enhancer is a compound of formula (D), Rll and R12 can not both represent 
H when Rl in formula III represents OH; and 

when the coupling enhancer is a compound of formula (E), Ri4 can not represent H when Rl in 
10 formula III represents H; 

and with the further proviso that 
sua:!nlmidyl-9u-nuoro-llM7u^lhy 

carboxylate; ; ; . - . * 

15 i7tt-hydrbxy-4-androsten-3-on^ ester; 
N-hydcoxysucdnirnidyl'-9-fluoro-i^ 
• carboxyester; - .*'■ . ' '~ ^?Z fC-I ■■" : .!^ r ^^' ^. " . T 
' N-hydroxysucdnimi^ 
l-[(9a-fluoro-lip7h"yo^ 
20 yl)carbonyl]imidazole are disclaimed.' 

18. The compound of claim 17, wherein at least one of R M and R 12 is a cyano group (C=N), 
and/or R i3 Is a hydrogen atom, and/or formula (D) is IMMI (N-methyllmidazole) or DCI (4,5- 
dicyano-imidazole), and/or formula (E) is NHS (N-hydroxysucdnimide) orsulfo-NHS (N- 

25 hydroxysulfosuccinimlde). 

19. The compound having the formula: 



6.-.,';;o-.v^i-i...v.v.^ 
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O, 



o 




R 2 . 



Rl4 



In which the substituents have the same meaning as defined in claim 17, and salts and solvates 
thereof, with the proviso that R14 can not represent H when Rl represents H. 

5 

20. A compound of the formula (VI)- and salts and solvates therepf 



Ra and Rt, are defined as In claim 1; 

with the proviso that l-tS-dimethylamino-propylj-B-ethyl-carbodiimide-ea^a-dlfluoro-lUJ- 
hydroxy-l6ix f 17a-lsopropylidenedlo^y-3-axo-androsta-l f 4-diene-17p-carboxylate Is disclaimed. 

15 21.A composition comprising a compound as defined In any of claims 17-20. 

22. Use of a compound of any of the claims 17-20 as an intermediate in a method for preparing 
a steroidal carbothioate or a steroidal carbothioic add, such as in a method for preparing 
fluticasone propionate. 



23. Use according to claim 22, in which the method comprises reaction with a nucleophilic agent 
comprising a sulfur atom and/or comprises reaction with an electrophilic agent. 




HN- — »R a . 



10 wherein R,, R 2 , R 3j R 4 , and R 5 are defined as in claim 7; and 
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